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Introduction
The testis is the important organ within the male reproductive system. The testis is a bipartite glandular organ, with both exocrine and endocrine components. Its exocrine function is to produce male germ cells; meanwhile, its endocrine role is mainly directed to produce male sex hormone [1, 2] . The knowledge of testicular development in mammals is of a great importance for understanding congenital malformation and their teratologic origin. The histomorphological features of the testis, at various stages of growth and development, have been described in several species [3] in ram; [4] and l [5] in bull; [6] in camel; [7] in goat; [8] in pig; [9] and [10] in cat [11] in dog; [12] ; [13] in opossum; [14] in marsupial; [15] ; in sika deer; [16] in beef bulls and [17] in wild cat. These authors ascertained that the sex cords of the testis are composed of two cell types; primordial cells and supporting types. The point of controversy is the fate of these two cell types in the postnatal period of development. Although, Saber [18] and Nipken and Wrobel [19] studied the age related changes in the adult testis of donkey aging from 1.5 to 10 years and Neves et al., [20] studied the comparative testis morphometry and seminiferous epithelium cycle length in donkeys and mules, information about the postnatal period of the donkey testis (from birth until puberty) is lacking in the available literature. The present investigation was undertaken to highlight the histomorphological changes, as well as to indicate some morphometric parameters, concerned with the seminiferous epithelium of donkey's testis during the postnatal life. In the present study, therefore, we intended to categorize the seminiferous epithelial stages in the donkey testis. Information about the stages of seminferous cycle is essential for morphological and functional researches on the testes and provides the basis of understanding testicular regulatory mechanisms [15] . Testicular biometric parameters are very important for establishing reproductive patterns and, consequently, the development of protocols for assisted reproduction in different species [21] .
The present investigation was carried out on 20 testes from 20 healthy donkeys (Equus asinus) representing different stages of postnatal life viz., newly born; early and late sucklings, as well as premature and mature animals ( Table 1 ).
For calculation of the parenchymal volume
The parenchymal volume was determined by subtraction of 11% from the testicular volume. These 11% represents the volume of the tunica albuginea and mediastinum testis [28] .
For calculation of volume percentages and total volume of the seminiferous tubule and intertubular space
The volume percentage of seminiferous cords and/or tubules and interstitial tissue were determined. The absolute volume of cords (tubular compartment) and the interstitial tissue compartment per testis were calculated by knowledge of parenchymal volume and the volume percentages of the cords and/or tubules and interstitial tissue.
Steps for calculation of volume percentage
Volume percentage of the cords or tubules and that of the interstitial tissue per each testis were calculated as following:
The size and the place of measurement frames were adjusted by the observer according to the region of interest. After that they recorded this area of measurements representing X.
1-The volume density of seminiferous tubules to the whole testicular tissue means the ratio of "seminiferous Surface tubule/reference area [29] . For determining the volume density:  The intersections overlying the seminiferous tubule were counted in selected determined fixed area of 15 random histological felid from different 3 animals of each age group. Using a hand-held mouse, the cursor traced around the boundary of the interest tubule or interubular area. The Veterinary Medicine, Assiut University, Egypt. The testis was dissected way from the attached structure. The testes were weighted in g and their volume was determined in cm 3 by fluid displacement, using a cylinder half-filled with normal saline and the volume displaced by the testis was recorded (The Archimedes principle) [23] .
The testes were slowly perfused through the testicular artery using small amount of neutral buffered formalin or Bouin's fluid to avoid expansion of testicular vessels. After perfusion, small blocks (1 × 1 × ½ cm) were taken from the different regions of the testis (Figure 1 ).
Thereafter, the samples were immersed in a special fixative [24] for 24 hours. The fixative used is composed of the below mentioned ( Table 2) :
The specimens were dehydrated in ascending grades of ethanol, cleared in methyl benzoate and embedded in paraffin. Five to seven μm thick sections were cut and stained with Haematoxylin and Eosin, Crossman's trichrome stains [25] .
Semi thin section
Tissue blocks (2 × 2 × 2 mm) form the previously fixed material Abbreviations: WT, testicular weight; VT, testicular volume; Vp, parenchymal volume; VTu, tubular volume; VI T, volume of interstitial testicular tissue. Then the pixel dimension was multiplied by the coefficient of pixels pitch and the real distance to obtain the area of the tubule [30, 31] .
Wrobel-Moustafa-Fixative
After recorded the mean of the total area occupied by seminiferous tubules. The area of the interstitium was determined by subtracting the seminiferous tubule area from the total section area [29, 30] .
After calculation of this ratio representing the volume densities of seminiferous tublues and interstitial tissue using this ratio to give the percentage of volume denstities by multiplied this ratio by 100 [32] .
2-we using the volume percentage of the seminiferous tubule and intertubular space for calculation of the total volume of these testicular components [21, 33] . The volume of the seminiferous epithelium was obtained by multiplying its percentage within the seminiferous tubule by the parenchymal volume, dividing the result by 100 [33] .
The measurements were summarized as following 
The tubular (or cord) diameter
Cross and longitudinal sections of the cords were used to measure their diameter in newly born and suckling animals as well as the tubular diameter and epithelial height in premature and mature ones. The selected cross-sections of the round-shaped seminiferous tubule containing a clear lumen were used to measure their diameter. The mean diameter of the seminiferous tubules was estimated by measuring 20 tubule cross sections, made as circular as possible, of each animal. We measured the height of the seminiferous epithelium, from the basal membrane to the luminal edge. The diameter results were expressed mean ± standard deviation (SD) [21, 27] .
Counting of Sertoli cells and spermatognic cells
Most studies quantifying cell abundances in the testis have been performed by profile-Counting in semi-thin sections [34] .
Stages of seminferous epithelial cycle
The stages of the seminiferous epithelium cycle were characterized using the tubular morphology method; the seminiferous epithelial cycle was classified based on variations in shape and localization of spermatogenic cells in round seminiferous tubules [35] . Each cellular association, were consisting of one or two generations of spermatogonia, spermatocytes and spermatids [36] .
Results

Neonatal animals
The testicular parenchyma of newly born donkeys was lobulated into irregular lobules via numerous irregular septa. Each lobule composed of variable islets of solid seminiferous cords that surrounded by a massive interstitial tissue (Figure 2a ). The seminiferous cords constituted about 12.76% of the testicular parenchyma (Table 3 and Figure 3 ). The seminiferous cords were (43.70 μm) in diameter (Table  4 ). They were forming of two types of cells; supporting and germ type. The supporting (Sertoli) cells (about 15 cells per cord cross section) were columnar in shape and radially arranged on a less defined basal lamina ( Figure 2b ). They had more or less defined outlines giving the irregular and not showing any particular pattern. Each lobule was consisted of several seminiferous cords which surrounded by relatively narrow interstitial spaces when compared with that in newly born animals ( Figure 2d ). The seminiferous cords were constituted about 32.86% of the testicular parenchyma (Table 3 and Figure 3 ).
The seminiferous cords showed the same morphological features as that of newly born animals, which consisted of supporting and germ cells. The supporting cells showed a slight decrease in number (about 11 per cord cross section) when comparing with the pervious age ( Figure  2e ). They had irregular oval nuclei containing deeply staining nucleoli and many chromatin aggregates. Some nuclei appeared indented, taking more or less similar form as that of mature cells.
The gonocytes relatively increased in number (3-6 per cord cross section) than that of newly born animals (Figure 2e ). They were oval or spherical in shape with lightly stained cytoplasm and appeared at different positions in the bulk of seminiferous cords. Some cells were central and others locating either near or contacting the basement membrane. The latter cells progressively increased in number with advancement of age (Figure 2e ), where most of them appeared in contact with the basement membrane in the late suckling period (6 and 9 months of age). The nuclei of germ cells were spherical and vesicular, which had few small chromatin aggregations that form fine network attaching to the nuclear membrane. Occasional disintegrating germ cells (with shrunken cytoplasm and pyknotic nuclei) were also demonstrated (Figure 2e ). The basal lamina of seminiferous cords appeared more developed than that in newly born animals. In 6 and 9 months old animals, the basement membrane became more distinctly recognizing. The peritubular cells formed a more or less continuous layer around the seminiferous cords. With advancement of age, a second discontinuous layer could be demonstrated around some seminiferous cords (Figure 2e ). The seminiferous cords constituted about 42.25% of the testicular parenchyma (Table 3 and Figure 3 ). The diameter of seminiferous cords was about 55.46 μm at early suckling animals and became 60.16 μm at late suckling animals ( Table 4 ).
Premature animals
The testicular parenchyma consisted of large number of irregular lobules separated by septa of variable thickness (Figure 2f ). Such irregular arrangement of the lobules and septa remained a peculiar picture of the testis. The seminiferous cords were increased in both in length and convolution on the expense of the interstitial tissue. Volume percentages of the seminiferous cords showed a double-fold increment than that of suckling animals. The seminiferous cords constituted about 77.97% of the testicular parenchyma (Table 3 and Figure 3 ).
The seminiferous cords displayed different pictures of maturation, of which some lobules showed luminated seminiferous cords and others were non-luminated. In some lobules, however, the luminated and nonluminated cords partaked the picture (Figure 2g ). Most of the nonluminated cords showed several variable sized vacuoles that coalesced to form central spaces (primary signs of lumination). In these cords, the supporting cells were relatively decreased in number than in suckling animals. Most of them acquired a picture similar to that of the mature cells, which showing indented nuclei and lightly stained nucleoplasm. The germ cells; however, increased in number than that in the previous stage. Some of them appeared contacting the basement membrane and showed the characteristic features of spermatogenic cells; others had the features of primary and secondary spermatocytes, but had no contact with the basement membrane (Figure 4a ). The luminated seminiferous cords (seminiferous tubules) were larger in bulk of the seminiferous cords a segmented appearance. Their nuclei were vesicular, irregularly outlined and had large deeply stained nucleoli together with small chromatin aggregations. The cellular cytoplasm was moderately staining and containing various-sized supranuclear vacuoles (Figure 2b ). The germ cells (gonocytes) were few in number (2-3 per cord cross section) and randomly distributed in the bulk of the seminiferous cords. Some cells were locating in a more or less central position; others were peripherally located and sometimes contacted the basal lamina (Figure 2b ). They had large vesicular nuclei (7 μm in diameter) with one or two nucleoli. Their cytoplasm was lightly staining and contained small to medium-sized vacuoles. Mitotic figures were frequently observing in germ cells (Figure 2c ). Some disintegrating cells at different stages of degeneration (ranging from pyknosis to complete disintegration) were also demonstrated in the seminiferous cords. A discontinuous layer of spindle-shaped cells with elongated oval nuclei was observed surrounding the seminiferous cords, representing the differentiating myoid cells (Figure 2b ).
Suckling animals
In suckling animals, the arrangement of testicular lobules was also Sertoli cells. The latter cells had irregular oval and vesicular nuclei with prominent nucleoli and several indentations ( Figure 5 ).
Stage I:
The cellular association in this stage included spermatogonia on the basement membrane, two generations of primary spermatocytes (leptotene and pachytene) and one generation of cap-phase round spermatids (Figure 5a ). The spermatogonia showed variable contact with the basement membrane, had oval or rounded nuclei that with many small chromatin particles. The leptotene primary spermatocytes represented the second layer of germ cells; they had no contact with the basement membrane. Their nuclei had fine chromatin threads. The pachytene primary spermatocytes formed the third layer of the germ cells; their nuclei had coarse chromatin particles and inconspicuous nuclear membrane. The cap-phase round spermatids formed the diameter (about 144 μm) ( Table 4 ) than that of non-luminated ones. The seminiferous epithelium was about 60 μm (Table 4 ) in height and formed of supporting and germ cells (Figure 4b ). The supporting type was exhibiting inconspicuous cell boundaries and was radially arranged in between collections of germ cells. Their nuclei were lightly staining, mostly indented and had distinct nucleoli, and located at variable distances from the basement membrane. Different germ cells were demonstrated in the seminiferous tubules. Spermatogonia were irregular or oval and showing variable contact with the basement membrane. Their nuclei were large, oval-shaped and showing inconstant nucleoli together with coarse chromatin particles. Primary spermatocytes were the second layer of germ cells; they had no contact with the basement membrane. They were oval or rounded and possessing rounded centrally located nuclei with coarse chromatin aggregations and less defined nuclear membrane. The secondary spermatocytes were demonstrating only in some tubules and were smaller than the primary ones. Their nuclei were also smaller than those of primary spermatocytes, but had distinct nuclear membrane and few chromatin particles. Spermatids at different stages of transformation were observed in some seminiferous tubules (Figure 4b ).
Mature animals
The irregular lobular arrangement which was described in the previous stages remained a characteristic feature. The testicular lobules consisted of numerous, highly tortuous seminiferous tubules and narrow interstitial spaces in between. The seminiferous tubules measured 205 μm in diameter (Table 4) , and constituted about 78.42% of the testicular parenchyma, and their lining epithelium was about 73.7 μm (Table 4) 
in height.
In all mature animals, the seminiferous epithelium displayed active spermatogenesis, where eight (I-VIII) stages (cellular associations) of the spermatogenic cycle were demonstrated in different sections of the seminiferous tubules ( Figure 5 ). Each of these associations from of certain collection of germ cells in-between the radially arranged (Figure 5c) . Spermatids nuclei became more elongated and condensed (acrosomal phase) and arranged in bundles. . In the basal compartment, zygotene spc are additionally seen. 9d: In Stage IV: The most prominent feature of this stage was presence of second meiotic division (M) and secondary spermatocytes (SpII). Zygotene spc (Z) are also identified. 5e: In Stage V-VII, the seminiferous epithelium was composing of two generations of spermatids are observed; elongated and round While only one generation of spc (pachytene, p) is basally located. 5f: In Stage VIII, the maturation phase spermatids on the free border of the seminiferous epithelium .Residual bodies were also demonstrating in this stage and pachytene is basally located. 5a-5f: Semithin sections in the testis of mature donkey ( innermost layer of germ cells facing the tubular lumen. They had rounded nuclei, which was partially covered by a deeply stained acrosomal cap.
Stage II: It differed from the previous stage in the following: The leptotene primary spermatocytes changed to zygotene, which was characterized by partial displacement of the chromatin contents of their nuclei. The cap-phase spermatids started elongation and condensation of their nuclei; the entire nucleus was covered by acrosomal cap (Figure  5b ). Stage III: Pachytenes entered the diplotene stage that had larger nuclei (Figure 5c ). Spermatids nuclei became more elongated and condensed (acrosomal phase).
Stage IV:
The most prominent feature of this stage was the meiotic figures in the old primary spermatocytes. Secondary spermatocytes (the results of the first meiotic division) were also demonstrated in this stage, these cells were nearly half the size of the primary spermatocytes, their nuclei showed few chromatin aggregations and clear nuclear membrane. The nuclei of late acrosomal phase spermatids were more elongated and condensed; they appeared implanted at deeper positions in the Sertoli cells (Figure 5d ).
Stage V -VII:
These three stages had nearly the same composition of their cellular associations. In addition to the Sertoli cells, the seminiferous epithelium composed of young pachytene primary spermatocytes and two generation of spermatids. The young generation of spermatids (Golgi phase) were resulted from the second meiosis seen in stage IV; they appeared round with small rounded nuclei. The old generation of the latter cells (maturation phase) resulted from the second maturation division were observing in stage IV; it attacheded to the Sertoli cells at variable distance from the lumen (Figure 5e ).
Stage VIII:
This stage differed from the previous one in the presence of the maturation phase spermatids on the free border of the seminiferous epithelium (Figure 5f) . Residual bodies were also demonstrated in the juxta-luminal part of the Sertoli cell cytoplasm.
Discussion
The present study emphasized an irregular arrangement of the testicular lobules of the donkey during various stages of the postnatal life. Such arrangement does not allow some lobules to have direct contact with the mediastinum testis.
The tubular compartment of donkey's testis showed an increase in volume percentage at the expense of the interstitial tissue during the postnatal age due to increased tubular convolutions. This variant was about 13% in neonates, which progressively increased with age reaching about 78% in mature donkeys. Authors in this study, Nipken et al., [19] recorded the same volume percentage of the seminiferous tubules during sexual maturity in the same animals' species. A similar age related increase of tubular convolutions associated with a decreased intertubular space was demonstrated also in Assam goat [7] , in beagle dogs [37] , in indigenous bull (Bos indicus) [38] .
The present study revealed that the supporting and germ cells were the main cellular constituents of the seminiferous cords (tubules) in all postnatal stages. The supporting type gradually decreased in number from neonatal through suckling to the premature and mature stages. This finding has been reported in human being from newborn to adult stage [38] and in bovine [39, 40] and even during the progressive stage (1.5-5 years of age) of sexually matured donkey [19] . Since mitotic figures in supporting cells could not be observed during postnatal development, their decrease in number could be attributed to the progressive increase in the testicular volume as well as the length and width of seminiferous tubules [39] . Unlikely, authors in this study [41] considered that the increase in the bovine tubular size during the first 20 weeks was due to the proliferation of both presumptive Sertoli and germ cells a difference which may be species specific.
The supporting cells started to acquire their mature morphological characteristics in the late suckling period (9 months of age). In the same respect, authors in this study [19] mentioned that the formation of the tubular lumen during puberty in donkey is concomitant with the morphological differentiation of supporting cells into typical Sertoli cells. However, authors in this study [42] recorded an earlier appearance of Sertoli cells in Holstein bulls (5-6 months of age). In rat, it was suggested that Sertoli cell differentiation is relted to increasing the circulating gonadotrophins during childhood [43] . In this investigation, the germ cells had the same morphological characters during the neonatal and suckling periods of postnatal life; however, they showed a slight increase in number during the latter stage. They were represented by 2-3 cells per cord cross section in the seminiferous cords of neonatal animals that increased to 3-6 cells in suckling ones. In addition, dividing germ cells were occasionally seen during postnatal development. Many authors in these studies [44, 45] in bull, [5, 46] in dogs, [47] in ovine have recorded division of the developing postnatal germ cells. It can be postulated that this division is a necessary phenomenon for renewal of such cells. Concerning the location of germ cells in the seminiferous cords, they were mostly demonstrated occupying a central position in neonatal animals. In suckling animals, some of them started to contact the basement membrane. In the late suckling period, most germ cells were seen contacting the basement membrane. In agreement with study [5] , movement of the developing germ cells from central to peripheral positions in the seminiferous cords was coincident with an increase in tubular diameter. It can be presumed that the movement of germ cells toward the tubular basal lamina creates a distance on this membrane with a subsequent increase in the external tubular diameter. In agreement with many studies in different species in investigation [4, 5] in bulls and in the study [46] in dogs degenerating germ cells were sometimes seen during postnatal development. Degeneration or death of some germ cells seems to be a result of two reasons. First, the dying germ cells are those cells that fail to contact the basement membrane [47] . Second, the seminiferous cords show only a slight increase in their diameter during development that may not be enough to supply space for the newly added germ cells from the division processes. However, a small number of continuously renewed gonocytes that reached the basement membrane would be enough to start spermatogenesis a puberty [11] .
In the present study, lumen formation within the seminiferous cords occurred during the premature stage at 1.5 years of age. Researcher in this investigation [48] recorded that the horse puberty begins at 1-1.5 years of age, depending on the breed, and spermatogenesis is completed by 2 years of age. Similar observations in donkey were reported in this study.
The process of lumination seems to be governed by two phenomena. First, the dying germ cells always leave variably sized vacuoles in the center of the cords, which coalesce to form larger spaces that may represent the primary elements of lumination [44] . On the other hand, the high rate of division of germ cells in the premature stage and the concomitant access of these cells to the basal lamina may initiate lengthening of this membrane with subsequent increase in its external diameter, and to open the center of seminiferous cords that means lumination.
In agreement with opinion of authors in study [19] the seminiferous epithelium of mature donkeys in the present investigation included eight cellular associations, which were considered as eight stages numbered from I to VIII. Stages V to VII have the same cellular composition, therefore they were considered as one stage.
The present findings indicate that the seminiferous epithelial cycle in mature donkeys has 8 stages are similar to result observed by different authors in different species: [49] in bull, [50] in water buffalo [51] in the ram, [20] in the donkey and mule, [10] in domestic cats, [52] in roe deer, [53] in the boar and [17] in the wild cats.
In agreement with observation in study [54] the Sertoli and germ cells, particularly spermatogonia, of the seminiferous epithelium of the mature donkeys in the present investigation were resting on the basement membrane at different stages of the seminiferous epithelial cycle, relying on its structural and hormonal support.
Conclusion
The tubular compartment of the donkey testis showed an increase in volume percentage on the expense of the interstitial tissue during the various postnatal ages due to increased tubular length convolutions. Such compartment increased from about 13% in neonates to about 78% in mature donkeys. The lumen formation within the seminiferous cords occurred during the premature stage at 1.5 years of age and spermatogenesis is completed by 2 years of age.
The supporting and germ cells were the main constituents of the seminiferous cords (tubules). The supporting cells decreased in number from neonatal through suckling to the premature and mature stages.
The germ cells showed a slight increase in number during the neonatal and suckling periods of the postnatal development. In addition, dividing germ cells were occasionally seen during postnatal development. Degenerating germ cells were sometimes seen in the different postnatal ages.
In premature donkeys, the seminiferous cords displayed more cellular components arranged in two or three layers of germ cells between the radially arranged supporting (Sertoli) cells. The germ cells could be distinguished as spermatogonia, primary spermatocyte, and in a few cords, secondary spermatocytes. In this stage of development, the first signs of lumination appeared. Spermatids at different transformation pictures were detected within the luminated seminiferous cords (tubules). On reaching the adult form, the seminiferous cords became more coiled and completely luminated (tubules). All kinds of germ cells as well as Sertoli cells are observed in the lining germinal epithelium representing the complete seminiferous cycle. Eight (I-VIII) stages (cellular associations) of the spermatogenic cycle were demonstrated in different sections of the seminiferous tubules. Each of these associations was made up from certain collection of germ cells in-between the radially arranged Sertoli cells.
